Aims: Existing in vitro and in vivo data suggest that khat may have a favorable effect on periodontal microbiota. The purpose of this study was to assess the effect of khat chewing on major periodontal pathogens in subgingival plaque samples from subjects with chronic periodontitis. Materials and methods: 40 subgingival plaque samples were obtained from periodontitis and healthy sites of 10 khat chewers (40 y median age) and 10 khat non-chewers (37.5 y median age) with chronic periodontitis. Absolute and relative counts of 6 periodontal pathogens were determined in each sample using highly sensitive and specific Taqman real-time PCR assays. Data were analyzed using an ordinal regression model. Results: Significantly more total bacteria were detected in samples from the periodontitis sites of the khat chewers (OR = 20). Treponema denticola was present at significantly higher absolute counts at the healthy as well as periodontitis sites of the khat chewers (OR = 3.13 and 13, respectively). However, the khat chewers harbored significantly lower absolute counts of Porphyromonas gingivalis at the healthy sites (OR = 0.07). Furthermore, khat chewing was significantly associated with lower relative counts of Porphyromonas gingivalis, fusobacterium ssp., prevotella ssp. and Parvimonas micra-like species in subgingival plaque samples from both healthy and periodontitis sites (OR = 0.11-0.33). Only Treponema denticola was found in higher relative counts at the healthy sites of the khat chewers (OR = 2.98). Conclusions: Overall, there was a lower burden of pathogens in the khat chewers. Findings from the current study are suggestive of a potential prebiotic effect for khat on periodontal microbiota.
Introduction
Khat, qat or miraa are common names for Catha edulis, an evergreen plant of family Celastraceae that endemically grows in South-West Arabia and East Africa, where millions of local people habitually chew its fresh leaves and twigs for their stimulating, amphetamine-like effects. Khat has legally or illegally found its way to many Western countries where practicing the habit by immigrants is becoming an increasing phenomenon (Al-hebshi and Skaug, 2005b) . Cathinone, the so-called natural amphetamine, and to a lesser extent, cathine are the psychoactive components of khat (Kalix, 1996) . Various other compounds are found in khat including a complex group of at least 62 alkaloids, carbohydrates, tannins, flavonoids, terpenoids, sterols, glycosides, vitamins (particularly vitamin C), non-toxic metals, and amino acids (Al-hebshi and Skaug, 2005b) . Khat has complex pharmacological effects centrally and peripherally; detailed information on these can be found elsewhere (Kalix and Braenden, 1985; Graziani et al., 2008) . The literature is full of reports linking khat chewing to so many adverse health effects (Halbach, 1972; Al-Habori, 2005; Hassan et al., 2007) . However, many of these reports are anecdotal or, at the best, based on small-scale, cross-sectional studies that frequently have questionable research design and fail to control for bias and confounders; these concerns are fortunately raised by some critical reviewers (Kennedy, 1987a; Al-hebshi and Skaug, 2005b; Fitzgerald, 2009) . In other words, while khat chewing is likely to have some adverse health effects, the level of existing evidence is generally inadequate for making incautious conclusions.
What seem to be ignored in the literature, on the other hand, are the potential positive effects or medicinal aspects of khat. In fact, khat was first mentioned in the 11th century as a medicinal plant in Turkistan and Afghanistan (Kennedy, 1987b) . In Ethiopia, the processed leaves and roots of the plant are used in the treatment of various chest problems (Lemessa, 2001) . Recently, khat has been shown to lower serum glucose, triglycerides and cholesterol levels (Al-Habori and Al-Mamary, 2004) , to possibly booster sperm activity (Adeoya-Osiguwa and Fraser, 2005) , and to induce apoptosis in leukemia and prostate cancer cell lines (Elhag et al., 1999; Dimba et al., 2003) .
Microbiologically, isolated compounds from khat were found to possess more potent anti-mycobacterial activity than streptomycin (Elhag et al., 1999) . Recently, the effect of khat on oral bacteria has been assessed in a series of studies. In vitro, crude khat extracts were shown to interfere with biofilm formation by Streptococcus mutans, suggesting anticariogenic properties (Alhebshi et al., 2005) . In another study the extracts showed selective anti-microbial properties against major periodontal pathogens ( Alhebshi et al., 2006) , and was found to foster growth of some health-compatible species (Al-hebshi, 2005) . Among young healthy adults, khat chewing was found to produce bacterial shifts that are compatible with periodontal health (Al-hebshi and Skaug, 2005a) . The current study takes this further by exploring effects of khat chewing on periodontal bacteria in subjects with chronic periodontitis. Specifically, the objective was to assess and compare levels of members of the pathogenic red and orange complexes described by Socransky et al. (1998) in subgingival biofilm samples from khat chewers and non-chewers with chronic periodontitis.
Materials and methods

Study subjects
Ten khat chewers and 10 khat non-chewers with chronic periodontitis (having at least 1 site per quadrant with pocket depth ≥5), were recruited from among patients attending dental clinics at Al-thawra hospital, Sana'a, Yemen. A history of khat chewing for 5 or more years at a frequency of at least 2 days per week was used to define a khat chewer. Exclusion criteria included smoking, periodontal treatment or antibiotic/oral antiseptic use in the previous 6 months, pregnancy/breast feeding, and any systemic disease or medication intake known to modify periodontal inflammation.
Subjects were screened for periodontal status using the community periodontal index (CPI; World Health Organization, 1997) by a single, well-trained and precalibrated examiner (Shuga-aldin HM). In eligible subjects, a Williams probe was used to establish pocket depth (PD) for the deepest pocket in each quadrant in millimeters. The plaque index (PI; Silness and Loee, 1964) , measured on the labial/buccal and lingual/palatal surfaces of index teeth, was used to assess oral hygiene. Informed consent was obtained from all subjects.
Subgingival sampling -DNA extraction
Four subgingival plaque samples, one from the deepest pocket in each quadrant, were obtained from each subject by placing a sterile, size-40 paper point in each pocket for 20 s after removal of supragingival plaque. The four samples were then pooled in a tube containing 500 l low EDTA TE buffer (Invitrogen, USA). A pooled sample from 4 healthy sites (PD ≤ 3 mm) in each subject was also obtained. The samples (40 in total) were stored at −80 • C until processing.
In preparation for DNA extraction, samples were pelleted by centrifugation at 13,000 rpm for 1 min in a Spectrafuge ® 16 M (Labnet international, USA), resuspended in 180 l lysozyme digestion buffer (25 mM Tris-HCl, pH 8.0, 2.5 mM EDTA, 1% Triton X-100) containing 20 mg/ml lysozyme, and incubated at 37 • C overnight. DNA was then extracted using the Purelink Genomic DNA extraction kit (Invitrogen, USA) following manufactures' instructions; DNA was eluted in a volume of 100 l and stored at 4 • C for subsequent analysis.
Quantitative PCR assays
Detection and quantification of total bacteria, fusobacterium spp., prevotella spp., Parvimonas micra (previously Micromonas micra or peptostreptococcus micros), Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola in the DNA samples was performed using the Taqman real-time PCR technology (Holland et al., 1991) . Sequences of probes and primers used in the study are shown in Table 1 . They were obtained as pre-validated, optimized and ready to use kits from Primerdesign, UK. In addition to the primer/probe mix, each kit included a plasmid-based quantification standard, which was used in a 10-fold serial dilution to construct standard curves for absolute quantification of the test species, and to confirm efficiency, linearity and sensitivity of the assays. Specificity of primers was initially confirmed by blasting them against eubacterial sequence databases at the National Center for Biotechnology Information (NCBI; http://www.ncbi. nlm.nih.gov/tools/primer-blast/index.cgi?LINK LOC=BlastHome). To further confirm specificity, and rather than testing the primer sets against a limited number of bacterial strains, each set was tested against a pooled subgingival DNA sample representing 5 periodontitis patients using a SYBR Green real-time PCR assay followed by disassociation curve analysis. A single disassociation peak that is identical to the positive standard peak was used as a proof of specificity of a primer set.
Quantitative PCR assays were performed in 20 l reactions, consisting of 10 l mastermix with ROX (Primerdesign, UK), 1 l primers/probe mix, 5 l template DNA (or positive standard), and 4 l PCR-grade water, on an ABI 7000 real-time PCR system (Applied Biosystems, USA) using the following cycling program: an initial enzyme activation step at 95 • C for 10 min, and 40 cycles of a denaturation step at 95 • C for 15 s, and an annealing/extension step at 60 • C for 1 min. Data was acquired through the FAM channel.
Threshold cycle values obtained were converted into absolute counts in copies per reaction using the standard curves; values were then converted into copies per sample by multiplying by a factor of 20 (since 5 l of the eluted DNA was included in the reaction). Relative counts (as % total bacteria) were simply calculated by dividing the absolute counts of the test species by that of total bacteria in the same sample and multiplying by 100.
Statistical analysis
Data available for each subject were gender, age, mean plaque index, mean pocket depth, log-transformed absolute counts and relative counts of the study species. Examining data with the Kolmogorov-Smirnov statistic revealed non-normal distribution. Consequently data was summarized for each study group in terms of medians and interquartile ranges. The Mann-Whitney test was used to compare clinical variables between the khat chewers and non-chewers. Significance of differences between the two groups in absolute and relative counts of the test species at the healthy, and separately the periodontitis sites were sought using ordinal regression with clinical variables as covariates. The logit and negative log-log link functions were used for absolute and relative counts, respectively. A significance level of 0.05 was considered. All tests were performed using SPSS 17.
Results
Study subjects
The clinical characteristics of the two study groups are shown in Table 2 . The khat chewers tended to be older, but to have lower median PI scores and PD at sampled sites; however, the differences were not statistically significant. There were significantly more males among the chewers (90%) compared to the non-chewers (60%).
The real-time PCR assays
The quantitative PCR assays for all tested organisms showed excellent linearity (R 2 > 0.99) over a dynamic range of 5-10 6 copies per reaction (data not shown), achieving a theoretical sensitivity of 100 copies per sample (assuming a DNA extraction of 100%). In the SYBR Green -pooled DNA assay, all primer sets produced single disassociation peaks corresponding to standard peaks, indicating high specificity (data not shown). No PCR inhibition was encountered as assessed by the total bacterial assays. The median log total bacterial DNA recovered was 8.69 (range 7.73-9.61). With the exception of Porphyromonas gingivalis, all tested species were detected in 100% of the samples; Porphyromonas gingivalis was not seen in only one sample (2.5%).
Khat chewing and absolute microbial counts
The median log-transformed absolute counts of the test species in subgingival plaque samples from the healthy and periodontitis sites in both study groups is shown in Table 3 . More total bacteria were recovered from the healthy and periodontitis sites of the khat chewers; however, the difference was only significant for the periodontitis sites (OR = 20; P = 0.006). The khat chewers also harbored significantly higher absolute counts of Treponema denticola in samples from both the healthy and periodontitis sites with odds ratio of 3.13 and 13, respectively (P = 0.05 and 0.001, respectively). On the other hand, samples from the healthy sites of the khat chewers contained significantly lower absolute counts of Porphyromonas gingivalis with OR of 0.07 (P = 0.01); similar difference was noted for the periodontitis sites but it was statistically insignificant. No significant differences were detected for the remaining species.
Khat chewing and relative microbial counts
Comparison between the two study groups in terms of the relative counts (% total bacteria) of the test species revealed considerably more differences (Table 4) . As with the absolute counts, Treponema denticola was detected at higher relative counts in the khat chewers, but the differences were only significant for samples from healthy sites (OR = 2.97; P = 0.03). In contrast, Porphyromonas gingivalis was present in significantly lower relative counts in subgingival plaque samples from the healthy as well as the periodontitis sites of the khat chewers with OR of 0.25 and 0.15, respectively (P = 0.02 and 0.005, respectively). In addition, the periodontitis sites from the khat chewers harbored lower relative counts of fusobacteria, prevotellae, and Parvimonas micra (OR = 0.20, 0.11 and 0.18, respectively; P = 0.005, 0.002, 0.003, respectively); similar differences were noted at the healthy sites, but only fusobacteria and prevotellae maintained a statistical significance (OR = 0.33 and 0.32; P = 0.03 and 0.025, respectively).
Taking all pathogens together, the subgingival plaque samples from the khat chewers were found to harbor lower relative counts Table 3 Median log absolute counts (interquartile range) of the test species in subgingival plaque samples by chewing and sampled site status.
Species
Healthy sites Periodontitis sites
Khat non-chewers n = 10 Khat chewers n = 10 OR a (95% CI) Khat non-chewers n = 10 Khat chewers n = 10 OR a (95% CI) Ordinal regression adjusting for the effect of clinical variables. a Odds in the khat chewers relative to the non-chewers. * P ≤ 0.05. ** P ≤ 0.01. *** P ≤ 0.001.
Table 4
Median relative counts (interquartile range) as % total bacteria of the test species in subgingival plaque samples by chewing and sampled site status.
Species
Khat non-chewers n = 10 Khat chewers n = 10 OR a (95% CI) Khat non-chewers n = 10 Khat chewers n = 10 OR a (95% CI) of total periodontal pathogens; however, differences were only significant at sites with periodontal destruction (Fig. 1) .
Discussion
Previous findings suggest that khat may have a favorable effect on periodontal microbiota, but the evidence remains inconclusive; therefore, further investigation is warranted. The effect of khat chewing on subgingival microbiota in vivo has been previously assessed in young adults with healthy periodontium using the DNA-DNA checkerboard hybridization assay (Al-hebshi and Skaug, 2005a) . The purpose of the current study was to carry that further, by investigating subgingival microbial shifts produced by the habit in samples from subjects with chronic periodontitis using the highly sensitive real-time PCR technology.
A total of 40 subgingival samples from 10 khat chewers and 10 khat non-chewers were analyzed. Tough criteria were used for selection of the study subjects that, in fact, it took 6 months to recruit the sample. The khat chewers were predominantly males, supporting the fact that khat chewing is mainly a male habit. The khat chewers had less median PI and PD scores; however, the differences were not significant. Nevertheless, these findings are in line with other reports supporting the notion that khat chewing may have a mechanical cleansing effect on dental biofilm (Jorgensen and Kaimenyi, 1990; Al-hebshi and Al-ak'hali, 2010) . Fig. 1 . Clustered bars of median relative counts of total pathogens as % total bacteria in subgingival plaque samples from healthy and periodontitis sites from the khat chewers (n = 10) and the khat non-chewers (n = 10). *P ≤ 0.05; ordinal regression adjusting for the effect of clinical variables.
A panel of known major periodontal pathogens was assessed in this study. Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola, or the so called the red complex are strongly associated with chronic periodontitis. The rest belong to the orange complex, which is also associated, but to a lesser extent, with the disease (Socransky et al., 1998) . These species are present in high proportions subgingivally at sites with periodontal destruction, but they are still found at lower numbers at healthy sites (Haffajee et al., 1999) . The advantage of real-time PCR is that it allows sensitive and accurate quantification of species in a sample, not only in absolute terms but relative to total bacterial. Because of variation in sampling procedures, relative quantification represents a more reliable measure of a species in a mixed bacterial sample (Lyons et al., 2000) . The current view of chronic periodontitis as consequence of ecological shifts of the bacterial community in dental biofilm further underscores the importance of relative quantification (Marsh, 2003) . For the purpose of this study more weight was given for differences in relative counts rather than absolute counts.
Comparisons were made using an ordinal regression model adjusting for the possible confounding effects of age, gender, PI, and PD. In spite of having lower PI and PD scores the khat chewers were found to harbor more total bacteria subgingivally particularly at the periodontitis sites, suggesting that khat encourages growth of all or a subset of bacteria in subgingival biofilm. However, the khat chewers had significantly lower relative counts of four of the tested periodontal pathogens, including Porphyromonas gingivalis, at both healthy and diseased sites (Table 4 ) which is consistent with previously reported antibacterial effect of crude khat extract against the same species (Al-hebshi et al., 2006). By suppressing these pathogens, khat chewing seems to interfere with, or at least slow down, periodontal destruction especially in established pockets. Tannerella forsythia was not found to be influenced by khat chewing in this study, which is in disagreement with previous observations (Al-hebshi and Skaug, 2005a; Al-hebshi et al., 2006) , but this could be a result of differences in study samples and detection method used. As an outlier, Treponema denticola was present at higher relative counts in the khat chewers but only at the healthy sites. This should be assessed carefully since Treponema denticola is a well-established periodontal pathogen. However, this bacterium has been repeatedly shown to work in synergism with other pathogens, particularly Porphyromonas gingivalis (Sela, 2001) . Therefore, the observed increase of Treponema denticola in isolation may not represent a risk for the healthy sites of the khat chewers. In fact, Treponema denticola has been previously detected in isolation at higher frequency at healthy sites than in periodontitis sites (Mineoka et al., 2008) .
Overall, khat chewing decreased total pathogen burden subgingivally in spite of increasing total subgingival bacterial count, suggesting that khat encourages growth of some other species. It is probably difficult to speculate which specific species contributed to the increase of total bacteria. However, crude khat extract was previously found to increase the proportion of Streptococcus oralis in the Zurich biofilm by 39% (Al-hebshi, 2005) . In line with that, we also noted that khat extract enhances the growth of oral streptococci in liquid broth (unpublished data). Additionally, khat was previously shown to be associated with higher prevalence and levels of Veillonella parvula in subgingival biofilm (Al-hebshi and Skaug, 2005a) . Since streptococci and veillonella spp. are generally considered as health-compatible species (Socransky et al., 1998) , it could be speculated that the higher total bacterial counts could be attributed, at least in part, to an increase in health-compatible species. In this respect, it would have been a major addition to this study if some health-compatible species were also assessed.
The microbial shifts highlighted above, i.e. the decrease of total pathogens relative to total bacteria, are suggestive of a prebiotic effect. A prebiotic is defined as non-digestible oligosaccharides that affect the proliferation of resident intestinal commensal bacteria that may then exert probiotic effects (Roberfroid, 2007) . In fact, it has been previously reported that carbohydrates constitute 30% of crude aqueous khat extract ; therefore, the presence of a prebiotic oligosaccharide cannot be ruled out. Khat is, therefore, the very first reported natural substance with potential prebiotic effect in connection with oral bacteria, which opens up a new prospective for oral health research (see Supplementary material).
Conclusions
Further evidence is provided here that khat chewing probably modifies the composition of subgingival microbial community in compatibility with periodontal health, in a way similar to the effects of prebiotics on intestinal microflora. However, a larger scale study addressing the dose-dependent effects of the plant on a larger panel of periodontal species is required before a decisive conclusion can be made.
